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3Xi 3Xl 3Xi number of active constraints is larger than the number of design variables, the rank of IVg] will be less than x (since n < K), and singularities in [H] will occur. However, as pointed out earlier (refs. 1 to 3), whenever the number of active stress and displacement constraints is more than the number of displacement degrees of freedom of the structure (which is often significantly less than n), singularities will also be introduced. 
where Vgj is the gradient of the function gj with respect to _. 
Constraint
where Xj(_), the jth nodal displacement, and oi(_), the ith element stress, are related to the behavior constraints and are functions of the three-component design variable _ (the areas of the elements). Here, f is the length of the second element (see fig. 1 ).
Note that these relationships hold for all values of the design variable (since Xi does not appear explicitly in eqs. (7)). Since we have three equations in five unknown functions (a I, a2, o3, XI, and X2), given any two of the five functions (except for the o2, X2 pair), the other three functions can be determined.
The observation that any set of more than two constraints is linearly functionally dependent corresponds to _1_ _l --e -Ie -I The integrated force method (IFM) is a structural analysis tool based on the method of forces through which global singularities in structural optimization were identified earlier (refs. 1 to 3). It will be used here to identify additional types of singularities.
Let us consider, more generally, an arbitrary truss under a single load condition that has n stress degrees of freedom and m displacement degrees of freedom. We will designate and r = n -m. The choice of design variables depends on the structural elements chosen for the design, but typically these variables are taken as the element cross-sectional areas for truss elements, the moments of inertia for flexural elements, and the shear area and polar moment of inertia for elements with torsion.
Equation (8a) is referred to as the set of stress-displacement relations and is derived from the force equilibrium equations. Equation (8b) describes the displacement-stress relations.
Equation (8c) is the set of stress compatibility conditions. We note here that equations (8b) 
From Figure 2 , we can see that the stress in element l, 0"_, fig. 2(c) ).
Taking the first six stress constraints lol,o2 ..... %1 will produce a constraint-gradient matrix with a rank less than six (see case 7, table I1). In fact, taking any set of constraints that include these six will produce a rank-deficient constraintgradient matrix (e.g., see case 8, A far less costly, and more elegant, approach would be to examine the stress-displacement relations, the displacementstress relations, and the compatibility conditions of the IFM (eqs. (8)). Although the stress-displacement relations alone would be sufficient, it would often be advantageous to use one, or both, of the other two relationships.
For example, when only stress constraints occur in the active constraint set, examination of the CC alone would be sufficient to determine whether or not the set was linearly functionally independent. Table IV .
Structures Other Than Trusses
For nontruss structures, the complexity is increased for several reasons, including (1) the presence of more than one design variable per element, (2) the presence of multi-axial stress states, and (3) 
Stress-Displacement Relations
The stress-displac_ement relations can be obtained from the general relations (13 = 
